A triple auxotroph of Bacillus megaterium strain KM was lysogenized with a phage suspension from B. megaterium 899a. The lysogenic and phage-sensitive derivatives of KM were found to die at the same exponential rate during thymineless incubation, despite the fact that the lysogenic strain became induced. The lysogenic strain was also induced by mitomycin C, and died at an exponential rate which was approximately twice that of the sensitive strain. With both strains, the lethality of mitomycin C was the same in the presence and absence of thymidine; thymidine was required for maximal phage production. Mitomycin C preferentially inhibited deoxyribonucleic acid (DNA) synthesis of both strains for the first 60 min. The (DNA) synthetic ability of the lysogenic strain was subsequently restored, due to phage production. Since there was no evidence that sensitive strains of KM contained other inducible elements (prophage or probacteriocins), it is concluded that both thymineless death and mitomycin C death can occur via mechanisms not involving induction.
A triple auxotroph of Bacillus megaterium strain KM was lysogenized with a phage suspension from B. megaterium 899a. The lysogenic and phage-sensitive derivatives of KM were found to die at the same exponential rate during thymineless incubation, despite the fact that the lysogenic strain became induced. The lysogenic strain was also induced by mitomycin C, and died at an exponential rate which was approximately twice that of the sensitive strain. With both strains, the lethality of mitomycin C was the same in the presence and absence of thymidine; thymidine was required for maximal phage production. Mitomycin C preferentially inhibited deoxyribonucleic acid (DNA) synthesis of both strains for the first 60 min. The (DNA) synthetic ability of the lysogenic strain was subsequently restored, due to phage production. Since there was no evidence that sensitive strains of KM contained other inducible elements (prophage or probacteriocins), it is concluded that both thymineless death and mitomycin C death can occur via mechanisms not involving induction.
The conditions leading to thymineless death have been shown to induce certain lysogenic (4, 6, 9, 18) and colicinogenic (10, 18) bacteria. It was found that inducible strains of Escherichia coli, carrying either prophage X or various colicinogenic factors (El, V, or 15), die more rapidly during thymineless incubation than do the corresponding noninducible strains (17, 18) . Sicard and Devoret (18) observed that E. coli strains which do not contain any known inducible elements, do, however, undergo thymineless death. Since colicin 15 activity (1, 2, 11), as well asmegacin activity (8) , is thought to be associated with defective phage, it has been postulated that thymineless death is a consequence of defective prophage induction (3, 15 mitomycin C than the corresponding indicator strains (12) . Lysogenic strains which are not induced by mitomycin C, such as E. coli C-16 (P2), die at the same rate in the presence of the antibiotic as do the sensitive strains (12) .
The present study was undertaken to determine whether lysogenic and sensitive strains of B. megaterium KM differ in their susceptibility to thymineless death or the bactericidal action of mitomycin C. It is shown that, although the lysogenic strain is induced by both conditions, the lysogenic and sensitive strains undergo the same rate of thymineless death. The lysogenic strain, however, dies more rapidly in the presence of mitomycin C than does the sensitive strain.
MATERLALS AND METHODS
These studies were performed with a triple auxotroph of B. megaterium KM requiring thymine, tryptophan, and uracil for growth (KM :TTrU-). This strain was derived stepwise from the previously described thymine auxotroph, KM:T- (20) , by mutagenizing with ultraviolet light, and enriching for polyauxotrophic mutants under thymineless conditions that are preferentially lethal for wild-type cells (19) . A lysogenic derivative of the triple auxotroph, KM:TTrU-(L), was obtained by infecting stationaryphase cells at a multiplicity of about 60, with a phage suspension originally derived from B. megaterium 899a (6) . This strain forms plaques on a lawn of the EFFECT OF MITOMYCIN C ON B. MEGATERIUM nonlysogenized triple auxotroph which is referred toas the sensitive strain (KM:TTrU-).
Stock cultures were maintained on slants of peptone-agar (2.0% peptone, 0.3% K2HPO4, 0.1% KH2PO4, 2.0% agar) supplemented with thymidine, L-tryptophan, and uridine at 0.5 ,g of each per milliliter. Cultures were grown at 37 C and stored at room temperature.
For experiments on thymidine starvation or mitomycin C treatment, the triple auxotrophs were grown in a basal medium containing 1.0% glucose, 0.65% Na-L-glutamate, 0.1% Na2SO4, 0.2% K2HPO4, 0.06% KH2PO4, 0.015% CaCl2-2H20, 0.02% MgCl2-6H20, 3 X 10-4 M ferric citrate, and 0.005 M tris(hydroxymethyl)aminomethane buffer (pH 7.2). The basal medium was routinely supplemented with thymidine, L-tryptophan, and uridine (0.5 Amole of each/ml), and the previously described (7) complete amino acid mixture (1.3 mg/ml). The components of the basal medium were autoclaved separately and then reconstituted, and the supplements were sterilized by membrane (Millipore Corp., Bedford, Mass.) filtration.
Cells were grown in the fully supplemented basal medium at 37 C, with vigorous aeration. Cells were harvested in the exponential phase by centrifugation at room temperature, washed twice with the basal medium, and suspended in the appropriately supplemented basal medium. The techniques used for the measurement of turbidity, as well as those for the determination of cell ribonucleic acid (RNA), deoxyribonucleic acid (DNA), and protein have been described in detail (21) . Viable-cell counts and freephage titers were determined as described previously (6) , by use of the soft-agar overlay technique with tryptose-yeast extract-agar.
All compounds used were commercial samples of analytical grade. Mitomycin C was obtained from Nutritional Biochemicals Corp., Cleveland, Ohio.
RESULTS
In preliminary experiments, it was found that the properties of strain KM:TTrU-(L) were very similar to those of strain KM :T (L), a previously characterized lysogenic thymine auxotroph (6). Both lysogenic strains were induced by ultraviolet light, were mutually immune, and were maximally induced by 2 hr of thymidine deprivation in an otherwise complete medium. A subsequent 2-hr incubation period in the presence of thymidine was needed for maximal phage production, with an eclipse period of 30 min and a 40-min latent period. Therefore, both lysogenic derivatives of KM probably carry the same prophage, which was originally derived from B. megaterium 899a.
As determined turbidimetrically, the lysogenic and sensitive triple auxotrophs had the same growth rate in the fully supplemented basal medium at 37 C (g = 45 to 50 min). If the death observed during thymidine starvation is primarily due to phage induction, lysogenic strains should die more rapidly than their nonlysogenic counterparts. Figure 1 shows that both the sensitive and the lysogenic derivatives of the triple auxotroph died at the same exponential rate during thymidine starvation, with a decrease in viable count of approximately 1 decade per 50 min. However, the lag prior to exponential death was approximately 60 min and 90 min for the lysogenic and sensitive strains, respectively. Since the initial increase in viable count was greater in the case of the sensitive strain, the differences in lag may merely reflect differences in the size of the intracellular thymine pools.
In contrast to the lethal effect of thymidine starvation, single starvation of KM:T[rU-(L) for either tryptophan or uridine was neither lethal nor did it induce.
The lysogenic and sensitive strains did differ, however, in their sensitivity to mitomycin C (Fig.  2) . When mitomycin C was added to exponentially growing cells at a final concentration of 1.0 ,ug/ml, the lysogenic culture underwent exponential death (decrease of 1 decade/11 min) without a detectable lag. After a lag of about 30 min, the sensitive strain died at an exponential rate which Fig. 3 . It is clear that the lysogenic strain was induced by mitomycin C in the presence of thymidine. The ratio of free phage to viable cells is considerably less than one in an exponentially growing culture (6) . The results also show that thymidine had no effect on the lethal action of mitomycin C, with either strain. Thymidine was, however, required for maximal phage production.
More detailed kinetic studies with the lysogenic strain showed that when mitomycin C (1.0 ,ug/ml) was added to exponentially growing cells, the burst of free phage began at about 60 min, and increased to a plateau at about 120 min. As judged turbidimetrically, cell lysis could be detected after 90 min of incubation in the presence of antibiotic concentrations varying -MINUTES Fio. 3. Effect of mitomycin C on bacterial viability and phage production in the presence and absence of thymidine. Exponentially growing cells of the sensitive and lysogenic derivative ofKM:TTrU( were harvested andwashedas described in Materials and Methods. Cells were suspended in the fully supplemented basal medium in the presence and absence of thymidine. After mitomycin C (1.0 pg/rmn) was added, the cultures were incubated at 37 C. Td = thymidine. Titer refers to the number of viable cells per milliliter or the number of free phage per milliliter of the lysogenic and sensitive cultures. from 0.10 to 1.0 ,g/ml. Although the sensitive strain was somewhat more resistant to mitomycin C action, it did, however, lyse after a 90-min exposure to 1.0 ,ug/ml. It did not lyse in the presence of 0.10 ,ug of mitomycin C per ml.
Comparative effects of mitomycin C on the biosynthetic capabilities of the sensitive and lysogenic strains are shown in Table 1 . When mitomycin C (1.0 ,ug/ml) was added to an exponentially growing culture of the sensitive strain, there was a preferential inhibition of DNA synthesis for the first 60 to 90 min. Mitomycin C had a similar effect on the lysogenic strain for the first 60 min. By 90 min, however, DNA synthesis recovered and exceeded RNA synthesis; the relative increase in DNA by the lysogenic culture was more than twice that of the sensitive culture. This difference is probably due to the production of phage DNA.
DIscuSSION
The lysogenic and sensitive strains of KM die at the same exponential rate (decrease of 1 decade/50 min) during thymineless incubation. In the presence of mitomycin C, however, the lysogenic strain dies at an exponential rate which is approximately twice that of the sensitive strain (decrease of 1 decade/11 min for the lysogenic strain and 1 decade/21 min for the sensitive strain). The lysogenic strain is induced by both treatments, but it is probable that mitomycin C (1.0 ,g/ml) is more effective in inducing the prophage originally derived from strain 899a, than is thymidine starvation. It is clear that the sensitive strain also dies under these conditions, and that both thymidine starvation (20) and exposure to mitomycin C result in cell lysis. This observation might argue in favor of the presence of other inducible elements (prophage or probacteriocins) in sensitive strains of KM. However, it should be emphasized that cell lysis can be detected only 60 to 120 min after the initiation of exponential death (6, 20) . In addition, attempts to detect either infectious phage, killing particles, bacteriocins, or morphologically identifiable phage components in sensitive strains of KM, or to obtain cured strains, have been unsuccessful (Maisch and Wachsman, unpublished data) . The data, therefore, suggest that both thymineless death and mitomycin C death can occur via mechanisms not involving phage induction, and that this mechanism is primarily responsible for thymineless death in lysogenic and sensitive strains of KM.
With both the lysogenic and sensitive strains, the bactericidal effect of mitomycin C is independent of the presence or absence of thymidine. Thymidine is required, however, for maximal phage production. Therefore, the lethality of mitomycin C is independent of phage maturation.
Single starvation of KM:TTrU-(L) for either tryptophan or uridine is neither lethal, nor does it induce. By contrast, single starvation of B. subtilis 168 strains for either tryptophan or uracil is highly bactericidal, but does not result in the formation of phage PBS1 (14) .
